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(54) An Imaging apparatus capable of suppressing inadvertent ejection of a satellite Ink droplet 
therefrom and method of assembling same 

(57) An imaging apparatus capable of suppressing 
inadvertent ejection of a satellite ink droplet (22) and 
method of assembling the apparatus. The imaging 
apparatus comprises a print head transducer (160) 
including a pair of sidewalls (180, 1 90) defining a cham- 
ber (1 70) therebetween, the channel having an ink body 
(200) disposed therein. The transducer is capable of 
inducing a first pressure wave (300) in the ink body in 
order to eject an intended ink droplet (20). A waveform 
generator (80) is connected to the transducer for sup- 
plying a voltage waveform (290) to the transducer, so 
that the transducer induces pressure waves in the ink 
body to eject the ink droplet. However, the first pressure 
wave has a reflected portion (310) formed by the first 
pressure wave reflecting from the sidewalls. The 
reflected portion is sufficient to inadvertently eject unin- 
tended satellite ink droplets following ejection of the 
intended ink droplet (20). To avoid formation of satellite 
ink droplets, a sensor (320) is in fluid communication 
with the ink body for sensing the reflected portion. A 
feedback circuit (340) Interconnects the transducer and 
the sensor for inducing a second pressure wave (360) in 
the ink body in response to the reflected portion sensed 
by the sensor. The second pressure wave has an ampli- 
tude and phase damping the reflected portion of the first 
pressure wave in order to the suppress inadvertent 
ejection of the satellite ink droplets. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to imaging appa- 
ratus and methods and more particularly relates to an 
imaging apparatus capable of suppressing inadvertent 
ejection of a satellite ink droplet therefrom and method 
of assembling same. 

[0002] An imaging apparatus, such as an ink jet 
printer, produces images on a receiver medium by 
ejecting ink droplets onto the receiver medium in an 
image-wise fashion. The advantages of non-impact, 
low-noise, low energy use. and low cost operation in 
addition to the ability of the printer to print on plain paper 
are largely responsible for the wide acceptance of ink jet 
printers in the marketplace. 

[0003] ink jet printers Include a piezoelectric print 
head capable of varying direction of an ink droplet to be 
ejected from the print head. A pair of sidewalls belong- 
ing to the print head define an ink channel therebetween 
containing ink. The print head includes addressable 
electrodes attached to the sidewalls for actuating (i.e., 
moving) the sidewalls, so that the Ink droplet is ejected 
from the ink channel. In this regard, a pulse generator 
applies time and amplitude varying electrical pulses to 
the addressable electrodes for actuating the sidewalls. 
[0004] More specifically, when the sidewalls of the ink 
jet printer inwardly move due to the actuation thereof, a 
pressure wave is established in the ink contained in the 
channel. As intended, this pressure wave squeezes a 
portion of the ink In the form of the ink droplet out the 
channel. However, as the pressure wave ejects the ink 
droplet, the pressure wave impacts the sidewalls defin- 
ing the channel and is reflected therefrom. The pressure 
wave reflected from the sidewalls establishes a 
reflected pressure wave in the channel, this reflected 
pressure wave being defined herein as a "reflected por- 
tion" of the incident pressure wave. Of course, if the time 
between actuations of the sidewalls is sufficiently long, 
the reflected portion dies-out before each successive 
actuation of the sidewalls. 

[0005] However, the reflected portion of the pressure 
wave may be of amplitude sufficient to inadvertently 
eject an unintended so-called "satellite droplet" that fol- 
lows ejection of the intended ink droplet but that occurs 
before the reflected portion dies-out. Satellite ink drop- 
let formation is undesirable because such inadvertent 
satellite ink droplet formation interferes with precise 
ejection of ink droplets from the ink channels, which 
leads to ink droplet placement errors. These ink droplet 
placement errors In turn produce image artifacts such 
as banding, reduced image sharpness, extraneous ink 
spots, ink coalescence and color bleeding. Thus, a 
problem in the art is satellite Ink droplet formation lead- 
ing to Ink droplet placement errors. 
[0006] In addition, as stated hereinabove, if the time 
between actuations of the sidewalls is sufficiently long. 



the reflected portion of the pressure wave eventually 
dies-out. Thus, printer speed is selected such that elec- 
trical pulses are applied to the addressable electrodes 
at intervals after each reflected portion dies-out. Such 

5 delayed printer operation is required in order to avoid 
the unintended reflected portion interfering with the 
intended pressure wave. Otherwise allowing the 
reflected portion to interfere with the intended pressure 
wave may result In the aforementioned ink droplet 

TO placement errors. However, operating the printer in this 
manner reduces printing speed because ejection of ink 
droplets must await the cessation of the reflected por- 
tion of the pressure wave. Therefore, quite apart from 
the aforementioned problem of satellite droplet forma- 

15 tion, another problem in the art is reduced printer speed 
due to presence of the reflected portion of the intended 
pressure wave. 

[0007] Therefore, an object of the present Invention is 
to provide an imaging apparatus capable of suppress- 
20 ing inadvertent ejection of a satellite ink droplet there- 
from while maintaining printing speed, and method of 
assembling the apparatus. 

SUMMARY OF THE INVENTION 

25 

[0008] With the above object in view, the invention 
resides In an imaging apparatus and method as defined 
by the several claims appended hereto. 
[0009] According to one embodiment of the present 

30 invention, an imaging apparatus, with pressure sensor, 
is provided that is capable of suppressing Inadvertent 
ejection of a satellite ink droplet from an Ink body resid- 
ing in the imaging apparatus. The imaging apparatus 
comprises a print head defining a chamber having the 

35 ink body disposed therein. A transducer (e.g.. a piezoe- 
lectric transducer) Is in fluid confimunicatlon with the ink 
body for inducing a first pressure wave in tiie ink body, 
which first pressure wave has a reflected portion of a 
first amplitude and a first phase sufficient to inadvert- 

40 ently eject satellite droplets. In this regard, a waveform 
generator Is connected to the transducer for supplying a 
first voltage waveform to the transducer, so that the 
transducer induces the first pressure wave in the ink 
body In addition, a sensor is in fluid communication with 

45 the ink body for sensing the reflected portion of tiie first 
pressure wave and for generating a second voltage 
waveform in response to tiie reflected portion sensed by 
the sensor. Moreover, a feedback circuit is connected to 
the sensor for receiving the second voltage waveform 

50 generated by the sensor. The feedback circuit converts 
the second voltage waveform to a third voltage wave- 
form. The amplitude and phase of tiie tiiird voltage 
waveform are chosen by the feedback circuit to rapidly 
drive the reflected portion and thus the second voltage 

55 waveform to zero. The third voltage waveform is trans- 
mittal to the transducer, so that the transducer control- 
lably actuates in response to the third voltage waveform 
supplied thereto. This third voltage waveform Induces a 
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second pressure wave in the Ink body. The second pres- 
sure wave has a second amplitude and a second phase 
which damps the amplitude of the reflected portion of 
the first pressure wave in order to suppress inadvertent 
ejection of satellite ink droplets. This is so because the 5 
amplitude and phase of the third voltage waveform are 
chosen by the feedback circuit to rapidly drive the 
reflected portion and thus the second voltage waveform 
to zero, as previously mentioned. 

[0010] The Imaging apparatus further comprises a 10 
switch capable of switching between a first operating 
mode and a second operating mode. When the switch 
switches to the first operating mode, the switch con- 
nects the waveform generator to the transducer for actu- 
ating the transducer in order to produce the first is 
pressure wave in the chamber. When the switch 
switches to the second operating mode, the switch con- 
nects the feedback circuit to the sensor and transducer 
for sensing the reflected portion of the first pressure 
wave and for damping the reflected portion in the man- 20 
ner mentioned hereinabove. 

[001 1] A feature of the present invention is the provi- 
sion of a sensor coupled to the chamber for sensing the 
reflected p)ortion of the first pressure wave. 
[0012] Another feature of the present invention is the 25 
provision of a feedback circuit connected to the sensor 
for controllably applying the second pressure, wave to 
the ink body, such that the second pressure wave 
damps the reflected portion of the first pressure wave. 
[0013] An advantage of the present invention is that 30 
satellite ink droplet formation is inhibited. 
[0014] Another advantage of the present invention Is 
that printing speed is maintained. 
[0015] These and other objects, features and advan- 
tages of the present invention will become apparent to 35 
those skilled in the art upon a reading of the following 
detailed description when taken in conjunction with the 
drawings wherein there is shown and desaibed illustra- 
tive embodiments of the invention. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] While the specification concludes with claims 
particularly polnting-out and distinctly claiming the sub- 
ject matter of the present invention, it is believed the 45 
invention will be better understood from the following 
description when taken in conjunction with the accom- 
panying drawings wherein: 

Figure 1 shows an Imaging apparatus comprising a so 
print head; 

Figure 1 A is a fragmentation view In elevation of the 
print head; 

Figure 2 Is a fragmentation view in perspective of 
the print head, this view showing a front side of the 55 
print head and also showing a first embodiment 
pressure sensor in communication with ink cham- 
bers formed on the print head; 



Figure 3 is a fragmentation view in perspective of 
the print head, this view showing a rear side of the 
print head with an attached manifold; 
Figure 4 is a fragmentation view in perspective of 
the print head, the view showing the rear side of the 
print head without the attached manifold: 
Rgure 5 is a fragmentation view in horizontal sec- 
tion of the print head; 

Figure 6 shows a graph of a first voltage waveform 
applied to the print head; 

Figure 7 shows a graph of a first pressure wave pro- 
duced by the first voltage waveform, tfie first pres- 
sure wave having a reflected portion thereof; 
Figure 8 shows a graph including a second voltage 
waveform produced in response to a sensor sens- 
ing the reflected portion of the first pressure wave; 
Figure 9 shows a graph of a third voltage waveform 
applied to the print head; 

Figure 10 shows a graph including a second pres- 
sure wave produced by the third voltage waveform 
for damping the reflected portion of the first pres- 
sure wave; 

Figure 1 1 is a fragmentation view in perspective of 
the print head, the view also showing a second 
embodiment pressure sensor in communication 
with the ink chambers: 

Rgure 12 is an enlarged fragmentation view In ele- 
vation of the print head and second embodiment 
pressure sensor; 

Figure 13 is a fragmentation view In perspective of 
the print head, this view showing a third embodi- 
ment pressure sensor in communication with the 
ink chambers; 

Figure 14 is a fragmentation view in perspective of 
the print head, this view showing a fourth ennbodl- 
ment pressure sensor in communication with the 
ink chambers: 

Figure 15 is a fragmentation view in perspective of 
the print head this view showing a fifth embodiment 
pressure sensor in communication with the ink 
chambers; 

Figure 16 is a fragmentation view In perspective of 
the print head, this view showing a sixth embodi- 
ment pressure sensor in communication with the 
ink chambers; and 

Figure 17 is a fragmentation view in perspective of 
the print head, this view showing a seventh embod- 
iment pressure sensor in communication with the 
ink chambers. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 7] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directly with, apparatus in accordance with the present 
invention. It is to be understood that elements not spe- 
cifically shown or described may take various forms well 
known to those skilled in the art. 
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[0018] Therefore, referring to Figs. 1 and 1A. there is 
shown the subject matter of the present invention, which 
is an imaging apparatus, generally referred to as 10. for 
ejecting an ink droplet 20 from a print head 25 toward a 
receiver 30. In this regard, receiver 30 may be a ref lec- 5 
tive-type (e.g.. paper) or transmissive-type (e.g.. trans- 
parency) receiver. Although apparatus 10 is capable of 
ejecting droplet 20. apparatus 10 is also capable of 
Inhibiting inadvertent ejection of a so-called "satellite ink 
droplet" 22, as described in detail hereinbelow. 7^ 
[0019] As shown in Fig. 1. imaging apparatus 10. 
which is preferably an ink jet printer, comprises an 
image source 40, which may be raster image data from 
a scanner or computer, or outline image data in the form 
of a PDL (Page Description Language) or other form of it 
digital image representation. This image data is trans- 
mitted to an image processor 50 connected to image 
source 40. Image processor 50 converts the image data 
to a pixel-mapped page image. Image processor 50 
may be a raster image processor in the case of PDL 20 
image data to be converted, or a pixel image processor 
in the case of raster image data to be converted. In any 
case. Image processor 50 transmits continuous tone 
data to a digital halftoning unit 60 connected to image 
processor 50. Halftoning unit 60 halftones the continu- 25 
ous tone data produced by image processor 50 and pro- 
duces halftoned bitmap image data that is stored in an 
image memory 70. which may be a full-page memory or 
a band memory depending on the configuration of 
imaging apparatus 10. A waveform generator 80 con- 30 
nected to image memory 70 reads data from image 
memory 70 and applies time and amplitude varying 
electrical stimuli, through an amplifier 85. to an electri- 
cal actuator (i.e.. an electrode), as described more fully 
hereinbelow. 

[0020] Referring to Figs. 1. 2 and 3. receiver 30 is 
moved relative to print head 25 by means of a transport 
mechanism 90. such as rollers 100. which are electron- 
ically controlled by a transport control system no. 
Transport control system 110 in turn is controlled by a 40 
suitable controller 120. It may be appreciated that differ- 
ent mechanical configurations for transport control sys- 
tem 110 are possible. For example, in the case of 
pagewidth print heads, it is convenient to move receiver 
30 past a stationary print head 25. On the other hand, in 45 
the case of scanning-type printing systems, it is more 
convenient to move print head 25 along one axis (i.e.. a 
sub-scanning direction) and receiver 30 along an 
orthogonal axis (i.e., a main scanning direction), in a rel- 
ative raster motion. In addition, if desired, controller 120 50 
may be connected to an ink pressure regulator 130 for 
controlling regulator 130. Regulator 130, if present, is 
capable of regulating pressure in an ink reservoir 140. 
Ink reservoir 140 is connected, such as by means of a 
conduit 150. to print head 25 for supplying liquid ink to 55 
print head 25. In this regard, ink is preferably distributed 
to a back surface of print head 25 by a manifold 155 
belonging to print head 25. Manifold 155 includes a plu- 



rality of openings 157 for reasons disclosed hereinbe- 
low. 

[0021] Referring to Figs. 1 A. 2, 3 and 4. print head 25 
comprises a generally cuboid-shaped preferably one- 
piece transducer 160 formed of a piezoelectric material, 
such as lead zirconate titanate (PZT), which is respon- 
sive to electrical stimuli. Cut into transducer 160 are a 
plurality of elongate ink chambers 170 capable of 
accepting ink supplied thereinto from manifold 155 
through the previously mentioned orifices 157. Each 
opening 157 is aligned vwth its respective channel 170. 
Each of the chambers 170 has a chamber outlet 171 at 
an end 177 thereof and an open side 173 extending the 
length of chamber 170. Ink chambers 170 are covered 
at outlets 171 by a nozzle plate 174 having a plurality of 
colinearly aligned orifices 175 that are themselves 
aligned with respective ones of chamber outlets 1 71 . so 
that ink droplets 20 are ^ected from chamber outlets 
1 71 and through their respective orifices 175 and there- 
after along a trajectory normal to nozzle plate 174. Noz- 
zle plate 174. itself, is attached to a front side of 
transducer 160. Ink manifold 1 55. which is attached to a 
rear side of transducer 160. has ink therein for supply- 
ing the ink to chambers 175. In addition, a top cover 
plate shown in phantom caps chambers 1 70 along open 
side 173. During operation of apparatus 10. Ink from 
resen/oir 140 is controllably supplied to manifold 155 by 
means of conduit 1 50 and thence to each chamber 1 75. 
[0022] As best seen in Fig. 2. transducer 1 60 includes 
a first sidewalf 180 and a second sidewall 190 defining 
chamber 170 therebetween, which chamber 170 is 
adapted to receive an ink body 200 therein. Moreover, 
cut into transducer 160 between adjacent chambers 
1 70 and extending parallel thereto may be a cutout 205 
separating chambers 170 for reducing mechanical and 
hydraulic coupling (i.e.. "cross-talk") between chambers 
170. Each first sidewall 180 has an outside surface 185 
facing cut-out 205 and each second sidewall 190 has an 
outside surface 195 also facing cut-out 205. Transducer 
160 also includes a base portion 210 interconnecting 
first sidewall 1 80 and second sidewall 190, so as to form 
a generally U-shaped structure of the piezoelectric 
material. Upper-most surfaces (as shown) of first wall 
180 and second wall 190 together define a top surface 
220 of transducer 160. Base portion 210 defines a bot- 
tom surface 230 of transducer 160 (as shown). In addi- 
tion, an addressable electrode actuator layer 240 is 
deposited on sidewalls 180/190. In this configuration of 
addressable electrode layer 240. an electrical field (not 
shown) is established in a predetermined orientation to 
actuate sidewalls 180/190. Moreover, addressable elec- 
trode layer 240 is connected to the previously men- 
tioned waveform generator 80 via amplifier 85. In this 
regard, waveform generator 80 supplies amplified elec- 
trical stimuli to each of the portions off addressable elec- 
trode layer 240 via an electrk:al conducting terminal 
260. 

[0023] Referring yet again to Fig. 2, a common elec- 
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trode layer 270 coats each chamber 170 and also 
extends therefrom along top surface 220. Common 
electrode layer 270 is preferably connected to a ground 
electric potential, as at a point 280. When waveform 
generator 80 supplies electrical stimuli to addressable 5 
electrode actuator layer 240. the previously mentioned 
electric field (not shown) is established between 
addressable electrode actuator layer 240 and common 
electrode layer 270. This electric field in piezoelectric 
sidewalls 180/190 deforms and inwardly moves side- w 
walls 180/190. As sidewalls 180/190 deform, ink droplet 
20 is ejected from chamber 170 In order to form an 
image 285 (see Fig. 1) on receiver 30. 
[0024] Turning now to Figs. 6 and 7. there is shown a 
first electrical waveform, generally referred to as 290. for is 
Inducing a first pressure wave, generally referred to as 
300. in ink body 200. First pressure wave 300. which 
may be oscillating in nature (as shown), is induced in ink 
body 200 in order to squeeze ink droplet 20 from ink 
body 200 and thereby eject ink droplet 20 from chamber 20 
1 70. In this regard, waveform generator 80 supplies first 
voltage waveform 290 through amplifier 85 to addressa- 
ble electrode layer 240, via terminal 260, in order to 
electrically stimulate pair of sidewalls 180/190. Side- 
waifs 180/190 deform as sidewalls 180/190 are electri- 25 
cally stimulated. Rrst electrical waveform 290 has a 
voltage amplitude and a time duration Atvi . As stated 
hereinabove, when sidewalls 180/190 deform, first pres- 
sure wave 300 is induced in ink body 200. This first 
pressure wave 300 has a first amplitude Pi and a first 30 
time duration Atpi. However, first pressure wave 300 is 
reflected from sidewalls 180/1 90 and from nozzle plate4 
174 and gasket 158. Unless suppressed, first pressure 
wave 300 forms an undesirable reflected portion 310 of 
first pressure wave 300. Reflected portion 310 may be 35 
oscillating in nature (as shown). When present, 
reflected portion 310 will have a maximum pressure 
amplitude lower than amplitude , to be followed by 
successively lower arrplitudes until reflected portion 
310 dies-out as generally shown at point 315. However. 40 
reflected portion 310 of first pressure wave 310 may 
have amplitudes sufficient to inadvertently eject so- 
called "satellite" droplet 22 following ejection of the 
intended ink droplet 20. Satellite ink droplet formation is 
undesirable because such satellite ink droplet formation 45 
interferes with precise ejection of ink droplets 20 from 
ink chambers 170, which in turn leads to ink droplet 
placement errors. However, if a time duration AtR 
between successive actuations of sidewalls 180/190 is 
sufficiently long, reflected portion 310 of first pressure so 
wave 300 eventually dies-out. Thus, in order that 
reflected portion 310 does not interfere with proper 
ejection of subsequent "intended" ink droplets 20. the 
prior art provides that printer speed must be reduced in 
order that waveform 290 be applied to addressable ss 
electrode 240 at intervals after each reflected portion 
310 dies-out. However, it is undesirable to reduce 
printer speed. Therefore, the invention suppresses for- 



mation of reflected portion 310 so that printer speed is 
increased. 

[0025] Accordingly, referring to Figs. 2. 3. 4. 8. 9 and 
10, a first embodiment pressure sensor 320 is coupled 
to each chamber 170. First embodiment sensor 320 
may be a relatively thin one-piece piezoelectric sensor 
wafer 325 spanning ail chambers 170. In this manner, 
sensor wafer 325 is in fluid communication with each ink 
body 200. The purpose of wafer 325 is to sense pres- 
sure changes occuiring in any chamber 170 by sensing 
presence of reflected portion 310 of first pressure wave 
300. It may be understood from the teachings herein, 
that reflected portion 310 gives rise to pressure 
changes in chamber 170. These pressure changes 
deflect piezoelectric wafer 325. In this regard, it is 
known that when an electrical signal is applied to a pie- 
zoelectric material, mechanical distortion occurs in th 
piezoelectric material due to formation of an electric 
field caused by the electrical signal. This inherent phe- 
rramenon of piezoelectric materials is relied upon to 
deform piezoelectric sidewalls 180/190 to eject ink 
droplet 20. Similarly, it is known that when a piezoelec- 
tric material deforms, the deformation of the piezoelec- 
tric material gives rise to an electric field and voltage 
difference across the piezoelectric material. Thus, as 
wafer 325 senses presence of reflected portion 310. 
wafer 325 deflects and generates a second voltage 
waveform, generally referred to as 330. in response to 
the reflected portion 310 sensed by sensor 325. In this 
regard, second voltage waveform 330 has an amplitude 
V2 and a time duration Atv2- A suitable wafer 325 usable 
with the invention may be of a type disclosed in an arti- 
cle titled "Designing, Realization And Characterization 
Of A Novel Capacative Pressure/Row Sensor" authored 
by R. E. Oosterbroek and published in the Proceedings, 
IEEE Transducers Conference, 1997, pages 151-154. 
[0026] Referring to Figs. 1 , 2, 3. 4, 6, 7, 8. 9 and 10, a 
feectoack circuit 340 is connected to wafer 325. such as 
t)y an electrode 345 deposited thereon, for receiving 
second voltage waveform 330. Feedback circuit 340 is 
capable of converting second voltage waveform 330 to 
a third voltage waveform 350 to be applied through 
amplifier 85 to addressable electrode layer 240 in order 
to damp reflected portion 310 of first pressure wave 
300. As described in more detail presently, third voltage 
waveform 350 acts as a transducer drive signal. More 
specifically, feedback circuit 340 calculates third voltage 
waveform 350 based on second voltage waveform 330. 
which is received from wafer 325, as described in detail 
presently. In this regard, third voltage waveform 350 is 
generated by feedback circuit 340 so as to have an 
amplitude V3 and a time duration Atva to drive the input 
second voltage waveform 330 to zero, and thus dampen 
the reflected portion 310 of first pressure wave 300. 
Feedback circuit 340 is connected to amplifier 85 and 
transmits this third voltage waveform 350 to transducer 
160 via amplifier 85. That is. amplifier 85 receives third 
voltage waveform 350 transmitted by feedback circuit 
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340 and supplies the amplified third voltage waveform 
350 to addressable electrode actuator layer 240. 
Addressable electrode layer 240 receives third voltage 
waveform 350 so as to deform sidewalls 180/190 
belonging to transducer 160. Deformation of sidewalls 
180/190 thereafter induces a second pressure wave, 
generally referred to as 360. in ink body 200. Second 
pressure wave 360 has an amplitude P2 and a time 
duration Atp2. In this manner, second pressure wave 
360 has amplitude Pg and a phase (as shown) that 
effectively damps reflected portion 310. so that satellite 
droplets 22 are not formed and so that printing speed is 
maintained. Moreover, wafer 325 and feedback circuit 
340 are ranged so as to define a feed-back loop 365. for 
reasons disclosed hereinbelow. 

[0027] Referring to Figs. 1 . 2. 6. 7, 8. 9 and 10. feed- 
back circuit 340 calculates third voltage wavefomi 350 
based on second voltage waveform 310 that is received 
from wafer 325. as previously mentioned. The amplified 
third voltage waveform 350 that is supplied to sidewalls 
180/190 clamps reflected portion 310. The preferred 
manner in which feedback circuit 340 performs this cal- 
culation will now be described. In this regard, wafer 325 
is first calibrated in "open-loop mode" That is. a known 
voltage V3 is applied through amplifier 85 to transducer 
160. which will produce a resulting pressure P in the ink 
chamber 170, which in turn will cause sensor 320 to 
produce a voltage V^ense. the value of which depends 
on the magnitude of R This is then repeated for a plural- 
ity of applied voltages V3 in order to determine a quan- 
titative relation between V3 and Vs^nsB^ as in Equation 



^ sense = ^ * V 3 Equation (1 ) 

where, 

G = Gain of amplifier 85. transducer 160. and sen- 
sor 320. 

Then, when feedback loop 365 is closed by a switch 
370. the third voltage V3. which is supplied to trans- 
ducer 1 60 is chosen as: 

V3=-0/G)*V2 Equation (2) 

The third voltage output signal V3 Is chosen in order to 
cause a second pressure wave 360 In the ink chamber 
170 which will exactly cancel the reflected portion 310 
that led to the sensor signal V2. V3 will quickly cause the 
sensor signal to become zero, as the pressure waves In 
chamber 1 70 are quickly damped-out. The circuit which 
implements Equation (2) may easily Include an inverter, 
followed by a multiplier. 

[0028] It will also be appreciated by those skilled in the 
art that the calibration relation. Equation (2). between 
V3 and V^g^g^ alternatively may be stored in a look-up 
table (LUT), as well. The operation of forming the output 



signal V3 may also be accomplished by digital signal 
processing circuitry, embodied in a micro-controller 
which is In communication with the above mentioned 
LUT 

5 [0029] Returning now to Figure 1 . switch 370 is capa- 
ble of switching between a first operating mode and a 
second operating mode. In the first operating mode, 
switch 370 connects waveform generator 80 to amplifier 
85 and therefore to transducer 160. Thus, in the first 

10 operating mode of switch 370. waveform generator 80 
drives amplifier 85 and transducer 160 to eject ink drop- 
let 20. In the second operating mode, which is after 
transducer 160 ejects droplet 20 and simultaneously 
with onset of reflected portion 310, switch 370 connects 

IS transducer 1 60 and amplifier 85 to feedback circuit 340. 
which belongs to feedback loop 365. Consequently, in 
the second operating mode of switch 370. sensor 320 
senses presence of reflected portion 310 of first pres- 
sure wave 300. A suitable switch 370 may be a so- 

20 called "Tswitch" which is available from Siliconix Corpo- 
ration located in Santa Clara. California. 
[0030] As best seen in Figures 1 1 and 12, a second 
embodiment sensor 320 is there shown comprising a 
layered wafer 380. Layered wafer 380 includes a flexible 
25 substrate 390 to which a piezoelectric layer 400 is 
attached. Layer 400 serves the same function as wafer 
325. An advantage of this second embodiment of the 
invention is that the piezoelectric material need not be in 
direct contact with ink in chamber 170. thus making 
30 Chamber 170 easier to passlvate against various Ink 
types. 

[0031] Figure 13 shows a third embodiment sensor 
320. wherein there are a plurality of piezoelectric sensor 
strips 410 in fluid communication with respective ones 

35 of ink bodies 200. In this regard, each sensor strip 410 
extends along Its respective open side 173 of chamber 
170, such that sensor strip 410 caps chamber 170. An 
advantage of this third embodiment of the invention is 
that pressure changes in each chamber 170 is sensed 

40 by con^esponding sensor strips 410. Moreover, third 
voltage V3 can now be applied to sidewalls 
180/190deflnlng individual chambers 170 for danping 
reflected portion 310 in individual chambers 170. This Is 
a useful feature of the invention because pressure 

45 amplitude P, of reflected portion 310 may itseff be differ- 
ent in different chambers 170. Thus, the invention 
accommodates variability in pressure P^ among individ- 
ual chambers 170. 

[0032] Figure 1 4 shows a fourth embodiment sensor 
so 320. In this fourth embodiment, a plurality of etongate 
piezoelectric sensor segments 420a and 420b line each 
chamber 170 and are in fluid communication with ink 
bodies 200- Sensor segments 420a>b extend longitudi- 
nally along outside surface 1 85 of first sidewall 180 and 
f5 outside surface 195 of second sidewall 190. Adjacent 
sensor segments 420a and 420b may be colinearly 
aligned (as shown) and separated by a gap 430. An 
advantage of this configuration of the invention Is that 
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pressure of reflected portion 310 of first pressure wave 
300 as a function of time Is obtainable as reflected por- 
tion 310 propagates in chamber 1 70. 
[0033] Refemng to Rgure 15, there is shown a fifth 
embodiment sensor 320. Fifth embodiment sensor 320 5 
is attached directly to ink manifold gasket 158 that is 
attached directly to the rear of chambers 170. Sensor 
320 spans all chambers 170 of printhead 25. The 
advantage of fifth embodiment sensor 320 is that sen- 
sor 320 is directly attached to the back of the chamber. io 
and therefore detects both the amplitude of the pres- 
sure wave 300 as well as the pressure as a function of 
time. 

[0034] Rgure 16 shows a sixth embodiment sensor 
320. wherein there are a plurality of piezoelectric sen- is 
sors in fluid communications with respective ink bodies 
200. An advantage of this sixth embodiment sensor 320 
is that pressure changes in each chamber 170 are 
sensed by respective sensors 320, This is a useful fea- 
ture of the invention because pressure amplitude of 20 
reflected portion 310 may itself be different in different 
chambers 170. Thus, the invention accommodates var- 
iability in pressure P, among individual chambers 1 70. 
[0035] Figure 1 7 shows a seventh embodiment sensor 
320. wherein sensor 320 and ink manifold gasket 158 25 
are one in the same. That is to say. ink manifold gasket 
158. is normally made from materials that possess 
desired physical, chemical, and electrical properties 
required to seal transducer 160 to ink reservoir 140. 
Such a material with these properties may for example, 30 
be a polyimide film. A suitable polyimide film may be 
"KAPTON". a registered trademark of E.I. du Pont de 
Nemours and Company located in Wilmington. Dela- 
ware. U.S.A. In this embodiment of the invention, ink 
manifold gasket 1 58 may alternatively be a material that 35 
possesses the properties previously described, as well 
as the properties appropriate for a pressure sensitive 
material. A type of material that is suitable for this appli- 
cation is poly-vinylideneflouride (PVDF) poled to exhibit 
piezoelectric properties. "KYNAR" film, a trademarked 40 
name of Elf Atochem North America, Inc.. located in 
Philadelphia. Pennsylvania. U.S.A. is an example of a 
poled PVDF material. A suitable transducer, which can 
be further configured to the physical shape of the gas- 
ket, can be purchased from AMP Corporation, located 45 
in Harrisburg. Pennsylvania. U.S.A. An advantage of 
this seventh embodiment of the invention is that the ink 
manifold gasket 158 and the ink chamber pressure sen- 
sors 320 are manufactured from the same material and 
are one in the same. 5^ 
[0036] It is understood from the description herein- 
above that an advantage of the present invention is that 
satellite ink droplet formation is suppressed- This is so 
because second pressure wave 360 damps reflected 
portion 310 of first pressure wave 300. which reflected 55 
portion 310 might othenwise cause ejection of satellite 
droplets 22. 

[0037] It is also understood from the description here- 



inabove that another advantage of the present invention 
is that printing speed is maintained as satellite droplet 
formation is suppressed. This Is so because imaging 
apparatus 10 need not wait for reflected portion 310 to 
die-out before ejecting a subsequent ink droplet 20. 
That is. second pressure wave 360 effectively damps 
reflected portion 310. so that reflected portion 310 dies- 
out sooner. 

[0038] The invention has been described in detail with 
particular reference to certain preferred embodiments 
thereof, but it will be understood that variations and 
modifications can be effected within the spirit and scope 
of the invention. For example, first voltage waveform 
290. second voltage waveform 330, and third voltage 
waveform 350 are shown as sinusoidal. However, wave- 
forms 290/330/350 may take any one of various shapes, 
such as triangular or square-shape. As another exam- 
ple, piezoelectric transducer 160 may be used both to 
induce first pressure wave 300 and to sense reflected 
portion 310. In this latter sample, there is no need for a 
separate pressure sensor 320 to sense reflected por- 
tion 310. 

[0039] Moreover, as is evident from the foregoing 
description, certain other aspects of the invention are 
not limited to the particular detafls of the examples Illus- 
trated, and it is therefore contemplated that other modi- 
fications and applications will occur to those skilled in 
the art. It is accordingly Intended that the claims shall 
cover all such modifications and applications as do not 
depart from the true spirit and scope of the invention. 
[0040] Therefore, what is provided is an imaging 
apparatus capable of suppressing Inadvertent ejection 
of a satellite ink droplet therefrom while maintaining 
printing speed, and method of assembling the appara- 
tus. 

Claims 

1 . An imaging apparatus capable of suppressing inad- 
vertent ejection of a satellite droplet (22) from any 
of a plurality of fluid bodies (200) residing in the 
imaging apparatus, comprising: 

(a) a transducer (160) defining a plurality of 
chambers. (170) for receiving respective ones 
of the fluid bodies therein, said transducer 
capable of inducing a first pressure wave (300) 
in any of the fluid bodies, the first pressure 
wave having an oscillating reflected portion 
(310) of a first amplitude and a first phase suf- 
ficient to inadvertently eject the satellite drop- 
let; 

(b) a wavefbnn generator (80) connected to 
said transducer for supplying a first voltage 
waveform (290) to said transducer, so that said 
transducer induces the first pressure wave in 
the fluid body; 

(c) a deflectable sensor (320) in fluid communi- 
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cation with any of the fluid bodies for sensing 
the oscillating reflected portion, said sensor 
capable of deflecting as said sensor senses the 
oscillating reflected portion and capable of 
generating a second voltage waveform (330) In 5 
response to the oscillating reflected portion 
sensed thereby; and 

(d) a feedback circuit (340) connected to said 
sensor for receiving the second voltage wave- 
form generated by said sensor and for convert- 10 
tng the second voltage waveform to a third 
voltage waveform, said feedback circuit con- 
nected to said transducer for supplying the 
third voltage waveform to said transducer, so 
that said transducer controllabiy actuates in is 
response to the third voltage waveform sup- 
plied thereto for inducing a second pressure 
wave (360) in the fluid body in response to 
deflection of said sensor, the second pressure 
wave having a second amplitude and a second 20 
phase damping the first amplitude and first 
phase of the oscillating reflected portion of the 
first pressure wave in order to the suppress 
inadvertent ejection of the satellite droplet. 

25 

The apparatus of claim 1 , wherein said sensor and 
said feedback circuit define a feed-back loop (365). 

The apparatus of claim 2. further comprising a 
switch (370) capable of switching between a first so 
operating mode and a second operating mode, said 
switch connecting said waveform generator to said 
transducer while switched to the first operating 
mode and connecting said feedback loop to said 
transducer while switched to the second operating 35 
mode. 

The apparatus of daim 1. wherein said sensor is a 
one-piece sensor wafer (320) spanning all the 
chambers. 4o 

The apparatus of claim 4, wherein said wafer is a 
layered sensor wafer (380) spanning all the cham- 
bers. 

45 

The apparatus 0I claim 5, wherein said layered sen- 
sor wafer comprises: 

(a) a substrate (390); and 

(b) a deflectable layer (400) formed on said 50 
substrate, said deflectable layer capable of 
sensing the oscillating reflected portion of the 
first pressure wave and deflecting as said 
deflectable layer senses the oscillating 
reflected portion. 55 

The apparatus of claim 1 , wherein said sensor com- 
prises a plurality of sensor strips (410) in fluid com- 



munication with respective ones of the chambers. 

8. The apparatus of claim 1 , wherein said sensor com- 
prises a plurality of sensor segments (420a, 420b) 
extending longitudinally in respective ones of the 
chambers, adjacent segments being separated by 
a gap (430). 

9. The apparatus of claim 1. wherein said transducer 
is formed of a piezoelectric material responsive to 
the first and third voltage waveforms. 

10. The apparatus of claim 1. wherein said sensor is 
formed of a piezoelectric material responsive to the 
oscillating reflected portion of the first pressure 
wave. 

11. A print head capable of suppressing Inadvertent 
ejection of a satellite droplet from any of a plurality 
of fluid bodies residing in the print head, compris- 
ing: 

(a) a transducer defining a plurality of cham- 
bers therein for receiving respective ones of the 
fluid bodies, said transducer in fluid communi- 
cation with the fluid bodies for inducing a first 
pressure wave In any of the fluid bodies in 
response to a first voltage waveform supplied 
to said transducer, the f irst pressure wave hav- 
ing a reflected portion of a first amplitude and a 
first phase sufficient to Inadvertently eject the 
satellite droplet; and 

(b) a deflectable sensor in fluid communication 
with any of the fluid bodies for sensing the 
oscillating reflected portion, said sensor capa- 
ble of deflecting as said sensor senses the 
oscillating reflected portion and capable of 
generating a second voltage waveform in 
response to deflection, the second voltage 
waveform toeing convertible to a third voltage 
waveform to be supplied to said transducer for 
actuating said transducer, so that said trans- 
ducer actuates in response to the third voltage 
waveform for inducing a second pressure wave 
in the fluid body, the secorxi pressure wave 
having a second amplitude and a second 
phase damping the first amplitude and first 
phase of the oscillating reflected portion of the 
first pressure wave in order to suppress inad- 
vertent ejection of the satellite droplet. 

1 2. The print head of claim 1 1 , wherein said sensor is a 
one-piece sensor wafer spanning all the chambers. 

13. The printhead of claim 12. wherein said wafer is a 
layered sensor wafer spanning all the chambers. 

14. The printhead of claim 13. wherein said layered 
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sensor wafer conprises: 

(a) a substrate; and 

(b) a deflectable layer adhered to said sub- 
strate, said deflectable layer capable of sensing 5 
the oscillating reflected portion of the first pres- 
sure wave and deflecting as said deflectable 
layer senses the oscillating reflected portion. 

15. The printhead of claim 11, wherein said sensor io 
comprises a plurality of sensor strips in fluid com- 
munication with respective ones of the chambers. 

16. The printhead of claim 11, wherein said sensor 
comprises a plurality of sensor segments extending 75 
longitudinally in respective ones of the chambers, 
adjacent segments being separated by a gap. 

1 7. The print head of claim 1 1 . wherein said transducer 

is formed of piezoelectric material responsive to the 20 
first and third voltage waveforms. 

18. The print head of claim 11. wherein said sensor is 
formed of piezoelectric material responsive to the 
reflected portion of the first pressure wave. 25 

19. A method of assembling an imaging apparatus 
capable of suppressing inadvertent ejection of a 
satellite droplet from any of a plurality of fluid bodies 
residing in the imaging apparatus, comprising the so 
steps of: 

(a) providing a transducer defining a plurality of 
chambers for receiving respective ones of the 
fluid bodies therein, the transducer capable of 35 
inducing a first pressure wave in any of the fluid 
bodies, the first pressure wave having an oscil- 
lating reflected portion of a first amplitude and 

a first phase sufficient to inadvertently eject the 
satellite droplet; 40 

(b) connecting a waveform generator to the 
transducer for supplying a first voltage wave- 
form to the transducer, so that the transducer 
induces the first pressure wave in the fluid 
body; 45 

(c) disposing a deflectable sensor to be in fluid 
communication with any of the fluid bodies for 
sensing the oscillating reflected portion, the 
sensor capable of deflecting as the sensor 
senses the oscillating reflected portion and so 
capable of generating a second voltage wave- 
form in response to the deflection; 

(d) connecting a feedback circuit to the sensor 
for receiving the second voltage waveform gen- 
erated by the sensor and for converting the 55 
second voltage waveform to a third voltage 
waveform; and 

(e) connecting the feedback circuit to a trans- 



ducer for supplying the third voltage waveform 
to the transducer, so that the transducer actu- 
ates in response to the third voltage waveform 
supplied thereto for inducing a second pres- 
sure wave in the fluid body In response to 
deflection of the sensor, the second pressure 
wave having a second amplitude and a second 
phase damping the first amplitude and first 
phase of the oscillating reflected portion of the 
first pressure wave in order to the suppress 
inadvertent ejection of the satellite droplet 

20. The method of claim 19. wherein the steps of dis- 
posing the sensor and connecting the feedback cir- 
cuit comprise the steps of disposing the sensor and 
connecting the feedback circuit so as to define a 
feed-back loop. 

21. The method of claim 20, further comprising the step 
of providing a switch capable of switching between 
a first operating mode and a second operating 
mode, the switch connecting the waveform genera- 
tor to the transducer while switched to the first oper- 
ating mode and connecting the sensor to the 
transducer while switched to the second operating 
mode. 

22. The method of claim 19. wherein the step of dispos- 
ing a deflectable sensor comprises the step dispos- 
ing a one-piece sensor wafer capable of spanning 
all the chambers. 

23. The method of claim 22. wherein the step of dispos- 
ing a one-piece sensor wafer comprises the step of 
disposing a layered sensor wafer spanning all the 
chambers. 

24. The method of claim 23. wherein the step of dispos- 
ing a layered sensor wafer conprise the steps of: 

(a) providing a sutrstrate; and 

(b) forming a deflectable layer on the substrate, 
the deflectable layer capable of sensing the 
oscillating reflected portion of the first pressure 
wave and deflecting as the deflectable layer 
senses the reflected portion. 

25. The method of claim 19, wherein the step of dispos- 
ing a deflectable sensor comprises the step of dis- 
posing a plurality of sensor strips in fluid 
communication with respective ones of the cham- 
bers. 

26. The method of claim 19. wherein the step of dispos- 
ing a deflectable sensor comprises the step of dis- 
posing a plurality of sensor segments extending 
longitudinally in respective ones of the chambers, 
adjacent segments being separated by a gap. 
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27. The method of claim 1 9, wherein the step of dispos- 
ing a transducer comprises the step of disposing a 
transducer formed of a piezoelectric material 
responsive to the first and third voltage waveforms. 

28. The method of claim 1 9, wherein the step of dispos- 
ing a sensor comprises the step of disposing a sen- 
sor formed of a piezoelectric material responsive to 
the oscillating reflected portion of the first pressure 
wave. 

29. A method of assembling a print head capable of 
suppressing inadvertent ejection of a satellite drop- 
let from any of a plurality of fluid bodies residing in 
the print head, comprising the steps of: 

(a) providing a transducer defining a plurality of 
chambers therein for receiving respective ones 
of the fluid bodies, the transducer capable of 
inducing a first pressure wave in any of the fluid 
bodies in response to a first voltage waveform 
supplied to the transducer, the first pressure 
wave having a reflected portion of a first ampli- 
tude and a first phase sufficient to inadvertently 
eject the satellite droplet; and 

(b) disposing a deflectable sensor to be in fluid 
communication with any of the fluid bodies for 
sensing the oscillating reflected portion, the 
sensor capable of deflecting as the sensor 
senses the oscillating reflected portion and 
capable of generating a second voltage wave- 
form in response to deflection, the second volt- 
age waveform being convertible into a third 
voltage waveform to be supplied to the trans- 
ducer for actuating the transducer, so that the 
transducer actuates in response to the third 
voltage waveform for inducing a second pres- 
sure wave in the fluid body, the second pres- 
sure wave having a second amplitude and a 
second phase damping the first an^litude and 
first phase of the oscillating reflected portion of 
the first pressure wave in order to suppress 
inadvertent ejection of the satellite droplet. 

30. The method of claim 29, wherein the step of dispos- 
ing a sensor comprises the step of disposing a one- 
piece sensor wafer spanning all the chambers. 



the oscillating reflected portion of the first pres- 
sure wave and deflecting as the deflectable 
layer senses the oscillating reflected portion. 

33. The method of claim 29. wherein the step of dispos- 
ing a sensor comprises the step of disposing a plu- 
rality of sensor strips in fluid communication with 
respective ones of the chambers. 
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The method of claim 29. wherein the step of dispos- 
ing a sensor comprises the step of disposing a plu- 
rality of sensor segments extending longitudinally in 
respective ones of the chambers, adjacent seg- 
ments being separated by a gap. 



35. The method of claim 29. wherein the step of provid- 
ing a transducer comprises the step of providing a 
transducer formed of a piezoelectric material 
responsive to the first and third voltage waveforms. 



36. 



The method of claim 29, wherein the step of dispos- 
ing a sensor comprises the step of disposing a sen- 
sor formed of a piezoelectric material responsive to 
the oscillating reflected portion of the first pressure 
wave. 



31. 



The method of claim 30. wherein the step of dispos- 
ing a wafer comprises the step of disposing a lay- 
ered sensor wafer spanning all the chambers. 



so 



32. The method of claim 31 . wherein the step of dispos- 
ing a layered sensor wafer comprises the steps of: 

(a) providing a substrate; and 

(b) adhering a deflectable layer to the sub- 
strate, the deflectable layer capable of sensing 
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